BACKGROUND/OBJECTIVES: Impaired fasting plasma glucose (IFG) and impaired glucose tolerance (IGT) predict development of type 2 diabetes (T2D), but display different pathophysiology for T2D. We studied the association of selected food items and nutrients with IFG, IGT and combined IFG and IGT (IFG þ IGT), independent of cardiorespiratory fitness (VO 2max ). SUBJECTS/METHODS: In a population-based sample of 1261 individuals, aged 58 --78 years, we identified 126 subjects with IFG, 97 with IGT and 49 with simultaneous IFG and IGT by an oral glucose tolerance test. Dietary intake was assessed by 4-day food records. Cardiorespiratory fitness was assessed by defining maximal oxygen uptake (VO 2max ) from respiratory gas analysis during a maximal symptom-limited exercise stress test on a bicycle ergometer. RESULTS: Increased intake of saturated fat was associated with higher odds for IFG (OR 1.07; 1.01 --1.14) after adjustment for age, gender, VO 2max and energy misreporting variable. Consumption of additional whole-grain bread (50 g/1000 kcal) and intake of dietary fiber (g/1000 kcal) were inversely associated with IGT (OR 0.61; OR 0.91; respectively). CONCLUSION: Dietary fiber and sources of cereal fiber are negatively associated with IGT, and saturated fat intake is positively associated with IFG, but not with IGT. The present data give practical dietary means at the population level for the elimination of prediabetic conditions.
INTRODUCTION
Global prevalence of diabetes among adults is estimated to increase from 6.4% in 2010 to 7.7% by 2030. 1 The economic burden associated with type 2 diabetes (T2D) 2 and options of effective preventive action 3 --5 are strong incentives to study the early stages of the disease.
Impaired fasting plasma glucose (IFG) and impaired glucose tolerance (IGT) precede development of T2D. 6 IGT is more commonly defined as elevated plasma glucose concentration at 2 h in an oral glucose tolerance test, irrespective of concurrent IFG. 7 Based on the assumption that pathophysiology in subjects with IFG and IGT is different, 8 we intend to study three different prediabetic categories of abnormal glucose metabolism: isolated IFG (iIFG), isolated IGT (iIGT) and combined IFG and IGT.
Dietary habits are associated with prediabetes 9 --14 and changes in dietary and exercise habits have been shown to delay or halt progression to diabetes. 3 --5 Nutrients commonly associated with risk of T2D are saturated fatty acids (SFA), polyunsaturated fatty acids (PUFA) and dietary fiber. 15 Little is known whether these nutrients, or foods contributing to their intake, are differentially associated with different prediabetic conditions. Therefore, we intend to test the hypothesis that dietary factors associated with risk for T2D are differentially associated with different prediabetic categories of abnormal glucose metabolism.
SUBJECTS AND METHODS

Study population
The present study is based on cross-sectional data from a populationbased randomised-controlled trial, the DR's EXTRA Study (Figure 1 ), described in detail previously. 16 The target population was a representative sample of 3000 men and women who lived in the city of Kuopio in Finland and who were 55 --74 years of age in 2002. A total of 1479 participated in the baseline examinations in 2005 --2006 . After excluding individuals with missing or insufficient data on dietary intake, fasting P-glucose (fP-gluc), 2-h plasma glucose concentration (2hP-gluc) in the oral glucose tolerance test and maximal oxygen uptake (VO 2max ), the present study population consists of 1261 individuals. After an additional studyspecific exclusion of the 165 subjects with T2D (prevalences for newly diagnosed T2D based on our measurements and known T2D, 4.7% and 8.4%, respectively) we included a final number of subjects of 1096 (564 women, 532 men). All subjects gave a written informed consent. The study protocol was approved by the Joint Ethics Committee of the University of Kuopio and Kuopio University Hospital.
Categorisation of glucose metabolism
On the basis of the results from oral glucose tolerance tests, subjects were categorized as follows: Normal glucose metabolism if the fP-gluc was o6.1 mmol/l and 2-h plasma glucose concentration (2hP-gluc) was o7.8 mmol/l; iIFG for fP-gluc in the range of 6.1 --6.9 mmol/l and 2hP-gluc o7.8 mmol/l; iIGT when the fP-gluc was o 6.1 mmol/l and 2hP-gluc 7.8 --11.1 mmol/l; Concurrent IFG and IGT (IFG þ IGT) if fP-gluc was in the range of 6.1 --6.9 mmol/l and 2hP-gluc 7.8 --11.1 mmol/l. T2D for fP-gluc X7 mmol/l or 2hP-gluc X11.2 mmol/l. All cutoff values follow WHO criteria. 7 Assessment of dietary intake and selection of nutrients and food items Dietary intake was estimated by a 4-day food record, including 3 week days and 1 weekend day. A researcher defined the recording dates. The subjects received the food records with verbal and written instructions at the first study visit and returned them at the second visit 1 week later. A nutritionist or a specially trained research nurse completed missing information at a second visit. The amount of food consumed was estimated by a picture booklet of portion sizes, 17 household gauges or weighing. Data from the food records were analysed using the MicroNutrica nutrient calculation software (Finnish Social Insurance Institution, version 2.5, Turku, Finland) based on Finnish analyses and international food composition tables. 18 Dietary fiber and sucrose were studied as nutrients representing the quality of carbohydrates in diet. Foods analysed as contributors to dietary fiber were cereal products, whole-grain bread (WGB), fruit, berries, root vegetables, legumes and nuts, and non-root vegetables. SFA and PUFA were studied as nutrients representing the quality of dietary fat. Foods analysed as contributors to these nutrients were butter, cheese, sausage, vegetable oils and margarine. Extent of underreporting was assessed by using the Goldberg criteria. 19 We calculated the ratio of energy intake and basal metabolic rate (EI:BMR ratio) by dividing the reported energy intake from a 4-day food record, with an estimate of BMR derived from Schofield-equation. 20 Other assessments
Cardiorespiratory fitness was assessed by defining VO 2max from respiratory gas analysis during a maximal symptom-limited exercise stress test on a bicycle ergometer (Ergoline, Bitz, Germany) to exhaustion as described previously. 21 . Habitual physical exercise was assessed by a retrospective 12-month Leisure-Time Physical Activity Questionnaire. 22 Alcohol consumption, smoking and medication were assessed by a self-administered questionnaire. model (C) model B þ adjustment for EI:BMR ratio. Subgroup analyses (n ¼ 663) were carried out in model B with more valid 4-day food records. The lower Goldberg cut-off for a sample size of n ¼ 1 (EI:BMR ratio 41.06) was used to identify subjects reporting energy intake more correctly. 19 In addition, we compared reporting of WGB (50 g/1000 kcal) and sucrose (E%) between the categories of IFG þ IGT and iIGT by studying the effect of interaction between EI:BMR ratio and glucose metabolism category on reported levels of sucrose and WGB with a general linear model. Food items and nutrients were used as continuous variables. Variables of food consumption were transformed to grams per 1000 kcal due to the use of EI:BMR ratio in analyses. A P-value of o0.05 was considered as significant.
Statistical analyses
RESULTS
Subject characteristics
Basic characteristics of the study subjects are given in Table 1 . Subjects with iIFG were younger, and had higher VO 2max than those with iIGT. Subjects with iIFG were more physically active and had higher VO 2max than those with IFG þ IGT. Subjects with iIGT had higher fS-HDL-cholesterol than those with IFG þ IGT. Subjects with IFG þ IGT had markedly higher BMI than those with iIFG or iIGT and reported lower levels of physical activity than subjects with iIFG. Subjects with normal glucose metabolism were different from prediabetic categories in several basic characteristics. For each of the basic characteristics where difference between any two categories was found the category of normal glucose metabolism was different from at least one of the prediabetic categories.
Nutrient intake, food consumption and disturbed glucose metabolism Reported consumption of selected food items and nutrients in subjects within different categories of glucose metabolism are given in Table 2 . Subjects with iIFG reported higher intake of energy than those with iIGT. Subjects with iIFG had no other differences in selected food items and nutrients with other groups. Subjects with iIGT had lower energy intake and dietary fiber intake than those with normal glucose metabolism. Subjects with IFG þ IGT had lower sucrose intake and higher WGB intake than those subjects with normal glucose metabolism were different in most of the basic characteristics with at least one of the categories with impaired glucose metabolism with iIGT and lower EI:BMR ratio than those with normal glucose metabolism.
Odds for belonging to respective category of abnormal glucose metabolism due to increased intake of dietary factors are given in Table 3 . Adjusted for age and gender (model A), iIFG is positively associated with SFA intake. iIGT is negatively associated with dietary fiber intake and consumption of WGB. IFG þ IGT is positively associated with WGB consumption and negatively with intake of sucrose and vegetable oils. Of the items listed in Table 2 , the following were analysed without associations to any of the prediabetic categories: cereal products, berries, fruit, root vegetables, legumes and nuts, non-root vegetables, cheese, sausage, PUFA and trans fat-free margarine.
After additional adjustment for VO 2max (model B) associations with dietary fiber, WGB and sucrose remained significant, whereas associations of iIFG with SFA intake and IFG þ IGT with consumption of vegetable oils turned insignificant. When degree of underreporting was added as explanatory variable (model C) findings for dietary fiber and WGB remained unchanged, the association between sucrose intake and IFG þ IGT weakened and associations between intake of SFA and butter and IFG strengthened. We noted significant interaction between EI:BMR ratio and reported consumption of WGB but not for sucrose; among subjects having iIGT the reported intake of WGB slightly increased with increasing EI:BMR ratio, whereas among subjects having IFG+IGT the reported intake of WGB decreased substantially with Table 1 . Basic characteristics of the study subjects (20) 148 (21) 151 (20) 149 (23) Abbreviations: BMI, body mass index; IFG, Impaired fasting plasma glucose; IGT, impaired glucose tolerance; Isolated IFG, fP-Glucose 6.1 --6.9 mmol/l and 2hP-Glucose o7.8 mmol/l; Isolated IGT, fP-Glucose o 6.1 mmol/l and 2hP-Glucose 7.8 --11.1 mmol/l; IFG+IGT, fP-Glucose 6.1 --6.9 mmol/l and 2hP-Glucose 7.8 --11.1 mmol/l; NG, fasting plasma glucose concentration (fP-Glucose) o6.1 mmol/l and 2-h plasma glucose concentration (2hP-glucose) after OGGT o7.8 mmol/l. increasing EI:BMR ratio (data not shown). In a subgroup analysis (model B) with Goldberg cutoff 1.06 (n ¼ 663), the negative association between sucrose and IFG þ IGT (OR 0.83; CI 0.70--0.98) of all selected dietary factors analysed, remained significant.
DISCUSSION
In this population-based study of 1096 elderly men and women, we found a negative association between intake of dietary fiber and iIGT, but not with iIFG. There may be a physiological explanation: Higher intake of cereal fiber has been shown to improve insulin sensitivity 14 and may thus prevent insulin resistance, the suggested primary mechanism for iIGT. 8 The difference was in degree, not direction of the association. In larger studies whole-grain intake was shown to protect from IFG, as well. 23 We did not find associations with other sources of dietary fiber (fruits, vegetables) which is in accordance with others who found cereal fiber to be more consistently protective from T2D. 24 Thus, our findings indicate that higher intake of dietary fiber and higher consumption of sources of cereal fiber are associated with a lower prevalence of iIGT.
Higher reported intakes of SFA and butter were associated with increased prevalence of iIFG, but not with iIGT. Our finding is in accordance with those of Rojo-Martinez et al., 13 who reported a recommended dietary fatty acids profile to affect favourably on beta-cell insulin secretion and those of Laakso et al., 8 who suggested impaired basal insulin secretion as the main mechanism for iIFG. However, decreasing SFA intake and increasing monounsaturated fat intake has also been found to improve insulin sensitivity. 9 The association between higher reported intake of vegetable oil and decreased prevalence of IFG þ IGT was not independent of cardiorespiratory fitness. Summers et al. 10 reported that PUFA improves insulin sensitivity; however, SFA has been suggested to be more important than PUFA in prevention of T2D, 15 which is supported also by our findings. Again, differential associations of higher SFA-intake with iIFG and iIGT might be a matter of degree, rather than direction.
Results for individuals with concurrent IFG þ IGT are difficult to interpret: Higher WGB intake was associated with higher prevalence of IFG þ IGT, whereas higher intake of sucrose was associated with lower prevalence of IFG þ IGT. These associations are not in line with current knowledge. 15 Adjustment for degree of underreporting energy intake weakened these associations, but they remained significant for WGB. Misreporting the consumption of WGB by subjects with IFG þ IGT is, however, supported by our finding where the reporting of WGB was found unlike at different levels of EI:BMR ratio between subjects with IFG þ IGT and iIGT. Underreporters have been found to report higher intakes of bread 25 and lower intakes of sucrose than subjects reporting their energy intake more correctly. 26 Underreporting of simple sugar intakes has been suggested to contribute to inverse findings with simple sugars and T2D. 27 The positive association we found between reported sucrose intake and IFG þ IGT remained significant, even after exclusion of energy-underreporters. Other authors have found that after excluding energy misreporters from analysis some associations may strengthen as found with breast cancer and alcohol, but other associations may remain unchanged, as found with SFA and with dietary fibre. 28 Our findings from model C, analysis adjusted for EI:BMR ratio, were, however, evidently better in line with earlier findings and physiology, 8,13 --15,24,27 than our findings with exclusion of energy-underreporters. Of course, adjustment for degree of underreporting of energy intake may only give a hint if the results mainly driven by individuals who uniformly misreport intake of a food item to the same degree to which they underreport energy intake. There is no way to adjust for differential misreporting. Thus, we can only speculate that this small (4% of study population) group of obese (mean BMI 31, by Table 2 . Consumption of selected food items and intakes of nutrients in subjects with NG, isolated IFG, isolated IGT and combined IFG and IGT in the DR's EXTRA Study (5) 4 (5) 3 (4) 2 (4) 0.051 Margarine (g/day) c,d
22 (17) 21 (17) 19 (17) 25 (20) 0.068 Sucrose (E%) a 7.1 (3.1)ab 6.8 (3.2)ab 7.6 (3.2)a 6.1 (2.6)b 0.021
Abbreviations: IFG, Impaired fasting plasma glucose; IGT, impaired glucose tolerance; Isolated IFG, fP-gluc 6.1 --6.9 mmol/l and 2hP-gluc o7.8 mmol/l; Isolated IGT, fP-gluc o 6.1 mmol/l and 2hP-gluc 7.8 --11.1 mmol/l; IFG+IGT, fP-gluc 6.1 --6.9 mmol/l and 2hP-gluc 7.8 --11.1 mmol/l; NG, fasting plasma glucose concentration (fP-gluc) o6.1 mmol/l and 2-h plasma glucose concentration (2hP-gluc) after OGGT o7. far the highest of all subgroups) individuals differentially misreported by overestimating WGB intake and underestimating intake of items containing sucrose.
Besides diet, physical activity is the major lifestyle-factor influencing risk of T2D and as such a potential confounder of associations between diet and prediabetes. Currently, there are no real objective mean applicable for objective measurement of physical activity level in population sample like ours. On the other hand, we were able to use a semi-objective measure, cardiorespiratory fitness based on direct respiratory gas analyses during exercise. 29 Cardiorespiratory fitness is a predictor of the incidence of T2D 30 and physical exercise is known to improve VO 2max and insulin sensitivity, 31 the suggested primary mechanism for iIGT. However, adjustment for cardiorespiratory fitness changed associations little or not at all. This is all the more remarkable, as we have shown recently that in the same population that VO 2max expressed as ml oxygen uptake per minute and kg body weight systematically underestimates cardiorespiratory fitness in obese subjects. 32 As obesity is both, a major risk factor for T2D and a link in the chain of causation between diet and T2D, one would have expected a weakening of all diet-prediabetic state associations upon adjustment for VO 2max .
Major strengths of the current study are use of a 4-day food record to assess dietary intake, oral glucose tolerance tests to assess glucose metabolism, maximal exercise tests to measure cardiorespiratory fitness in a randomly selected population-based sample of elderly people.
From the initially invited 3000 subjects approximately one fifth were not interested at all to participate in a 4-year exercise intervention. Furthermore, during the relatively long run-in period, up to 3 years, we lost an additional 20 per cent of the original cohort due to reasons as indicated in Figure 1 . However, based on the health status distribution of individuals who were randomised into the trial, we are confident of the representativeness of the sample. Although diet record is considered the most valid method to assess habitual diet, it does not completely resolve the problem of misreporting. 26 In addition, some seasonal variation in the diet might occur. However, the effect of seasonal variation on the results is likely minimal, because the large study population was examined within 1.5 years. The known somewhat poor reproducibility of glucose metabolism categories based on oral glucose tolerance tests, may have effected on our results. 6 But again it might have weakened, not inflated our results.
In conclusion, dietary fiber and sources of cereal fiber are negatively associated with iIGT, and saturated fat intake is positively associated with iIFG, but not with iIGT. The present data give practical dietary means at the population level for the elimination of prediabetic conditions. Calculations were also performed for cereal products, berries, fruit, root vegetables, legumes and nuts, non-root vegetables, cheese, sausage, PUFA and trans fat-free margarine without significant associations to any of the prediabetic categories. 
